Background: The prevalence of type 2 diabetes mellitus (T2DM) is increasing rapidly among Chinese adults, and limited data are available on T2DM management and the status of glycemic control in China. We assessed the efficacy of oral antidiabetes drugs (OADs), glucagon-like peptide-1 (GLP-1) receptor agonists, and insulin for treatment of T2DM across multiple regions in China. . The OAD monotherapy, OAD + insulin, and OAD + GLP-1 receptor agonist groups had mean glycosylated hemoglobin (HbA1c) levels (±SD) of 7.67% (±1.58%), 8.21% (±1.91%), and 7.80% (±1.76%), respectively. Among those three groups, 34.63%, 26.21%, and 36.12% met the goal of HbA1c <7.0%, respectively. Mean HbA1c and achievement of A1c <7.0% was related to the duration of T2DM. Conclusions: Less than one third of the patients had achieved the goal of HbA1c <7.0%. Glycemic control decreased and insulin use increased with the duration of diabetes.
Background
According to a 1994 study, the incidence of type 1 diabetes mellitus (T1DM), also known as insulin-dependent diabetes or childhood diabetes, in Shanghai, China is 0.72 per 100,000 residents, making it among the lowest in the world [1] . At this incidence rate, the 13,000 T1DM cases diagnosed annually in the United States would drop to <500 new cases per year [1] . The prevalence of both prediabetes and type 2 diabetes mellitus (T2DM) in Chinese adults, however, is much higher, with a recent national survey showing a 2008 prevalence rate of 9.7% for subjects ≥20 years old [2, 3] . The prevalence of prediabetes, defined by either impaired fasting glucose or impaired glucose tolerance, is estimated to be 15.5% in Chinese adults, which would make the total adult population with prediabetes in China about 148.2 million people (76.1 million men and 72.1 million women) [2] . T2DM is estimated to affect 9.7% of the Chinese population (10.6% of men and 8.8% of women), which would make 92.4 million adults in China who have diabetes (50.2 million men and 42.2 million women) [2] .
Several large, well-known studies, including the United Kingdom Prospective Diabetes Study (UKPDS), have demonstrated the importance of glycemic control among patients with T2DM [4] [5] [6] . Such research has shown there is a strong correlation between mean glycated hemoglobin (HbA1c) levels over time and the development and progression of diabetic complications. Both the American Diabetes Association and the Chinese Diabetes Society advocate a HbA1c goal of <7.0% for individuals with T2DM [7, 8] , although research has demonstrated that glycemic control is difficult to achieve in China and other Asian countries [2, 3, 9, 10] . It has been previously shown that approximately one half of the outpatients with T2DM who are treated in the metropolitan medical centers in China have inadequate glycemic control when they are treated with oral antidiabetic drugs (OADs) alone [11] . Currently there are several types of treatment for T2DM, including OADs such as metformin, sulfonylureas, thiazolidinediones, alpha-glucosidase inhibitors, meglitinides, and dipeptidyl peptidase-4 (DPP-4) inhibitors; glucagon-like peptide-1 (GLP-1) receptor agonists; and insulin; and they can be used as monotherapy or in combinations to arrive at the best individualized treatment plan to achieve treatment goals [8, 12, 13] . Intensification of treatment is often required over time as the disease progresses, with the addition of multiple OADs and/or insulin.
A study of 7549 Chinese patients with T2DM in the Hong Kong Diabetes Registry found that among those treated with OADs and/or insulin, only 39.7% attained the glycemic target of HbA1c <7% and that both long disease duration and complexity of treatment regimens were associated with suboptimal glycemic control [14] . The International Diabetes Mellitus Practice Study (IDMPS) was a 5-year survey that documented changes in diabetes treatment practice in developing regions and employed logistic regression analysis to identify factors for achieving HbA1c <7% in 11,799 patients, 1898 with T1DM and 9901 with T2DM; patients were recruited from 17 countries in Eastern Europe, Asia, Latin America, and Africa [15] . That study revealed that only 20%-30% of patients achieved the goal of HbA1c <7%. An additional publication of results from IDMPS reported that education increased the use of insulin and improved self-care performance of patients with T2DM, and that it resulted in lower rates of chronic complications while significantly increasing the percentage of individuals patients who achieved HbA1c <7% [16] .
Although the population with T2DM in China is close to 100 million patients, limited data are available on the management of those individuals and the status of glycemic control within that nation. The objective of this noninterventional study was to evaluate the characteristics, glycemic status, and treatment strategies used in patients with T2DM across China treated with oral agents alone or in conjunction with or GLP-1 receptor agonists.
Methods

Study design
This was a multicenter, cross-sectional survey of outpatients with T2DM conducted in 606 hospitals across China, representing every region of the mainland other than Tibet. Each of the patients provided written informed consent. All of the data were collected between April and June, 2011. Prior to initiation of this study, the survey used (see Additional file 1) was approved by the Ethics Committee of Chinese PLA General Hospital, and was reviewed and accepted by all the participating hospitals.
Each day during the study period, the first 7 patients who entered a participating facility and met the eligibility criteria were invited to participate. The study investigators conducted the surveys by communicating directly with the patients, and interviews were performed by study investigators to complete the survey. All laboratory evaluations were performed in the local hospitals where the interviews were conducted.
The survey captured general information about each patient, including gender, height, weight, blood pressure, and lipid profile. Laboratory data on HbA1c, fasting plasma glucose (FPG), and postprandial plasma glucose (PPG) levels were collected. Specific information about the treatments used for the management of their T2DM were identified, including the use of OADs (including DPP-4 inhibitors), GLP-1 receptor agonists, and different types of insulin, as well as combinations of OADs and insulin and the combination of OADs and a GLP-1 receptor agonist.
Patients were also required to report if they were diagnosed with any concomitant diseases or diabetes complications, including hypertension, coronary heart disease, dyslipidemia, cerebrovascular disease, diabetic retinopathy, diabetic neuropathy, diabetic nephropathy, diabetes-related foot ulcers, and others (see Additional file 1).
Inclusion criteria
Outpatients with T2DM being treated with OADs alone, OADs combined with insulin, or OADs combined with GLP-1 receptor agonists were eligible to participate in this study if they were at least 18 years of age, had at least one previous outpatient medical record pertaining to diabetes, and had resided within a local area for at least 6 consecutive months prior to initiation of the study.
Exclusion criteria
Individuals could not participate in this study if they had secondary diabetes [17] or were only receiving treatment with insulin. Patients were excluded if they were not receiving OAD monotherapy, OADs in combination with insulin, or OADs in combination with GLP-1 receptor agonists. Other individuals who were excluded were patients with T1DM, inpatients, those receiving therapeutic lifestyle changes or Chinese herbal medicine only, those who were pregnant or breast-feeding, and those who were either mentally incapable or for other reasons unable to adequately understand or participate in the study.
Statistical analyses
Statistical analyses were conducted using SAS version 9.1.3 (SAS Institute, Cary, NC, USA). Descriptive statistics were used to characterize the data in the study, including calculations of means and standard deviations. Comparisons were statistically analyzed using t-tests and chisquared tests, and a logistic regression analysis of patient characteristics and treatment regimens was conducted.
Results
A total of 238,656 subjects with T2DM were surveyed and 238,639 were included in the final analyses. Seventeen subjects who completed the survey but had received monotherapy with GLP-1 receptor agonists were excluded. Demographic information and baseline characteristics of the study population are shown in Table 1 . Table 2 presents the clinical characteristics of the patients, including their treatment regimens and HbA1c levels. Mean HbA1c did not vary by BMI at baseline; however, a slightly higher percentage of patients with BMI <24 kg/m 2 achieved HbA1c <7.0% than patients with BMI ≥24 kg/m 2 . Mean HbA1c was significantly lower and HbA1c goal attainment was significantly higher among patients who performed self-monitored blood glucose (SMBG) compared to those who did not. Compared to those without diabetes complications or concomitant disease, individuals who had them had higher HbA1c levels (and a lower rate of HbA1c goal achievement (Table 2) .
Mean HbA1c and HbA1c goal attainment varied among treatment groups. Mean HbA1c was lower and the proportion of patients who achieved HbA1c <7.0% was higher among patients receiving OADs only and patients receiving OADs plus GLP-1 receptor agonists compared to patients receiving insulin plus OADs (Table 2 ). In fact, mean HbA1c increased and HbA1c goal achievement decreased with increasing numbers of OADs used. Among patients receiving OADs and insulin, mean HbA1c was lowest among patients receiving basal insulin alone and highest among patients receiving basal-bolus therapy. HbA1c goal achievement followed the same trend. However, diabetes duration was shorter among patients using OADs only (4.76 years) and longer among patients using OADs and insulin (7.12 years; p < 0.0001). Diabetes duration increased with the number of OADs used and increased as insulin therapy intensified ( Table 2) .
The association between diabetes duration, diabetes complications and concomitant diseases, treatment, and glycemic control is explored in more detail in Table 3 . Regardless of treatment used, mean HbA1c generally increased with the duration of diabetes, as also shown in Figure 1 . Similarly, HbA1c goal achievement generally decreased with the duration of diabetes (Table 3) . The exception to both these trends occurred among individuals with a diabetes duration of <1 year, and the prevalence of concomitant diseases and complications also increased with diabetes duration.
Trends in treatment with diabetes duration were also observed. The use of oral agents alone decreased with diabetes duration (from 72.58% in individuals with a duration of <1 year to 47.57% in individuals with a diabetes duration of ≥10 years). Corresponding increases in OAD plus insulin use were also observed. Among individuals with a diabetes duration of <1 year, 27.27% used OADs in combination with insulin, while 52.28% of individuals with a diabetes duration of ≥10 years used a combination of OADs and insulin (Table 3) .
The survey also captured reasons why insulin was added to the OAD regimens (data not shown). OADs were deemed ineffective (62,866/80,973; 77.64%), there were complications (10,393/80,973; 12.84%), and other reasons, not specified. Among the small numbers of patients who used GLP-1 receptor agonists with OADs, frequency of use did not appear to vary by diabetes duration. Table 4 presents data on the type of insulin used among individuals reporting combination OAD and insulin use by the duration of diabetes. Overall, approximately two thirds (52,643/80,308, 65.6%) of OAD plus insulin users used insulin premixes. The proportion of insulin premix use was relatively consistent regardless of the duration of diabetes, ranging from 62.91% to 67.50% with no discernible pattern across the duration of the disease. No overt trends in prandial or basal insulin use by diabetes duration were observed, although there was a small increase in the use of basal-bolus therapy with increasing diabetes duration. A logistic regression analysis revealed the several characteristics and treatment regimens that were associated with patients attaining HbA1c <7.0% (Table 5 ).
Discussion
Results from this large-scale survey of almost 240,000 patients throughout China demonstrated that, overall, patients with T2DM do not meet the treatment guideline set by the American Diabetes Association (ADA) and the Chinese Medical Society of an HbA1c <7%. More specifically, less than one third of individuals with type 2 diabetes using OADs, either alone or in combination with insulin or GLP-1 receptor agonists, achieved glycemic control as defined by HbA1c <7.0%. These results are comparable to those obtained in an earlier study that reported 39.7% of patients treated with OADs and/or insulin achieved HbA1c <7% [14] . Because our objective was to characterize Chinese patients receiving OADs for T2DM in China, our analysis did not include patients treated with diet and lifestyle interventions alone or insulin without oral agents.
Glycemic control appeared to be greater among individuals treated with only OADs compared to those receiving more intensive therapy with OADs in combination with insulin. This, however, might be a function of duration of disease. Similarly, among patients using OADs in combination with insulin, glycemic control appeared to be greater among patients receiving prandial insulin alone, basal insulin alone, or insulin premixes compared with basal-bolus therapy, a more intensive intervention. This difference may represent an attempt to improve glycemic control in patients at higher HbA1c levels through the addition of more intensive insulin therapy.
It is also likely that the difference in glycemic control may result from differences in disease severity. This hypothesis is supported by several findings in our study. First, mean HbA1c generally increased and HbA1c goal achievement generally decreased with increasing diabetes duration. The exception in this trend occurred in patients with a diabetes duration of less than 1 year, possibly because the optimal treatment regimen had not yet been identified due to the recentness of the diagnosis. Both the association between glycemic control and diabetes duration, and the differences in glycemic control between individuals using OADs and those using insulin, have been reported in other observational studies, including a recent study of Chinese individuals with type 2 diabetes in the Jiangsu province [18] . It also should be noted that differences in glycemic control among study groups were relatively small, suggesting that treatment was adjusted to accommodate the progressive hyperglycemia seen with advancing diabetes.
Because diabetes is a progressive disease, patients who have had a longer duration of diabetes are likely to have reduced beta-cell function and require more intensive therapy compared to patients with more recently diagnosed disease. In our study, patients using OADs plus insulin therapy had a longer history of diabetes than patients using OADs alone. This trend was apparent even among patients using only OADs: patients using 3 or more OADs had a longer duration of diabetes than patients using only one OAD.
The inverse association between disease severity and glycemic control is also supported by the prevalence of concomitant diseases and diabetes complications in the study. Patients using OADs plus insulin typically had a higher prevalence of complications and concomitant disease than patients using only OADs. Not surprisingly, the prevalence of complications and concomitant disease also increased with diabetes duration, a finding indicative of the association between duration of hyperglycemia and likelihood of adverse vascular effects.
Our study also demonstrated the positive impact of SMBG on glycemic control. Patients who performed SMBG had a lower mean HbA1c and a greater percentage of HbA1c goal achievement compared to patients who did not. Interestingly, patients who performed SMBG had a longer history of diabetes compared with those who did not. This may be due to the increased need for SMBG with the use of more intensive insulin regimens utilized by patients with more advanced disease. Nonetheless, these findings suggest that initiating SMBG may be one way to overcome the loss of diabetes control with diabetes progression despite the increased intensity of treatment.
This study has several limitations. First, this is a descriptive analysis of the results from patient interviews. No attempt was made to control for confounding factors, and statistical analyses of the data were limited. Results collected from patient interviews and self-reports are subject to bias; however, patient interviews are the most practical way of obtaining such information in China [18] .
Conclusions
This is one of the largest studies conducted among the Chinese population with T2DM, and the data obtained during this study reveal several clinically important findings. The majority of patients with type 2 diabetes receiving oral agents did not achieve the goal of HbA1c <7.0%, indicating that substantial improvements in treatment are still necessary. In fact, among all three patient groups, those receiving OADs, OADs in combination with GLP-1 receptor agonists, and OADs in combination with insulin, only 26%-38% achieved the goal 
